The lipid-lowering potential of flavonoid-rich portion of Combretum micranthum (CM) on a high-fat diet (HFD) induced albino rats was evaluated. Hyperlipidaemic rats were divided into six groups. Group I (Normal control), group II (HFD-fed only), while group III, IV and V received aqueous methanol (80%) leaf extract of CM at varied doses of 100, 200 and 400 mg/kg, respectively, while group VI were given the standard drug-Atorvastatin (4 mg/kg) for two weeks. Total Cholesterol (TC), Triacylglycerol (TAG), High Density Lipoproteins (HDL-C), Creatine Kinase (CK), and Lactate Dehydrogenase (LDH) were assayed spectrophotometrically and Atherogenic Index (AI) calculated using standard formula. GC-MS revealed 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one, 5-oxycatechol and 1,2,3-benzene-triol to be the principal compounds. Significant reduction in TC, TAG, LDL-C, AI, CK, LDH and increased in HDL-C were observed compared to hyperlipidemic control (p<0.05) hence CM could be used in the management of risk of CVDs.
Introduction
more attractive to be used in CVDrisk prediction in patients as compared with lipids concentrations [8] . Alterations in the level of CK and LDH are also some of the biochemical indices that are often used in the prediction of CVD risk [9] . Lowering of lipids levels by drugs and/or diet management could reduce the risk of CVDs. Researchers were encouraged by current awareness of medicinal plants in the management of CVDs which lead to exploring novel lipid lowering pharmaceuticals [10] . Since time immemorial, plants are indiscriminately used worldwide in the treatment of various diseases including hyperlipidemia without any scientific reasons. Current use of hypolipidemic drugs are associated with adverse effects and withdrawal is associated with rebound phenomenon which is not seen with herbal preparations and the high cost of many synthetic drugs has become a global case especially in developing countries, hence, there is need for the alternatives. The need to ascertain the potency of these plant extracts in the treatment of diseases become imperative.This research study aimed to establish antihyperlipidemic activity of flavonoid-rich extract of CM plant from Nigeria.
Materials and Methods

Plant Material, Collection and Identification
The plant materials were obtained from filinshagari in Bauchi state, Nigeria and was authenticated and identified at BiologicalSciences Department, Bayero University, Kano(BUK), with voucher
No. BUKHANO272. The plant materials were shade dried at room temperature for 10 days, coarsely powdered, and the powder was sieved and used for extraction. The powdered sample material was extracted using 80% aqueous methanol. The dried extract was then kept in air tight container and placed in refrigerator.
Experimental Animals Acquisition and Care
Apparently healthy albino rats (24) of bothsexes were obtained from the animal house, Department of Biological Sciences, Bayero University Kano. After randomization to various groups and before the initiation of the experiment, the rats were acclimatized for a period of 7 days under standard environmental conditions of 25 o C temperature, 65% relative humidity, and 12hours day/night cycle with spacious cages. The animals were given feed and water adlibitum and they were handled according to international guidelines [11] , [12] .
Preparation of the Extract
Extraction of flavonoids from combretummicranthum
Dried powdered leaves sample, (50g) was extracted with 300ml of 80% aqueous methanol at room temperature. It was then filtered through whatman filter paper No. 42 (125mm) and the filtrate was transferred into a crucible for drying in water bath, which was then dried to a constant weight in an oven [13] .
Qualitative determination of flavonoids
 From the plant's powder: To distilled water, 1.0g of the sample was added boiled and filtered. Few drops of 10% ferric chloride solution were added to 2ml of the mixture. Green-blue coloration was formed which indicate the presence of flavonoids.
 From the extract: To distilled water, 0.5g of the sample was added, boiled, and filtered. Few drops of 10% ferric chloride solution were added to 2ml of the mixture. Green-blue coloration was formed which indicate the presence of flavonoids.
 From the Plant Powder: Two(2) g of the sample was extracted with 100ml of 80% aqueous methanol at room temperature. It was then filtered through whatman filter paper No. 42 (125mm) and the filtrate was transferred into a crucible for drying in water bath and later, dried to constant weight in an oven [13] . The dried extract was then weighed and the amount of flavonoids extracted was calculated.
 From the flavonoids rich extract: Two(2) g of the extract was re-extracted with 20ml of 80% aqueous methanol at room temperature. It was then filtered through whatman filter paper No. 42 (125mm) and the filtrate was transferred into a crucible for drying in water bath, which was then dried to constant weight in an oven [13] . The dried extract was then weighed and the amount of flavonoids extracted was calculated.
Experimental Design and Grouping
The experimental animals were weighed and grouped into 6 groups; Group I: consist of 4 animals that are not induced with hyperlipidemia and they are fed with normal diet and water for 6 weeks. They serve as normal control group-I.
Group II: consist of 4 animals that were induced with hyperlipidemia for 3 weeks and were not treated. They serve as negative control group-II.
GroupIII: were induced with hyperlipidemia for 3 weeks and administered with flavonoid at a dose of 100mg/kg (low dose) for 2 weeks.
GroupIV: were induced with hyperlipidemia for 3 weeks and administered with flavonoid at a dose of 200mg/kg (median dose) for 2 weeks.
Group V: were induced with hyperlipidemia for 3 weeks administered with flavonoid at a dose of 400mg/kg (high dose) for 2 weeks.
Group VI: consist of 4 animals that were induced with hyperlipidemia for 3 weeks and treated with atorvastatin for 2 weeks.
All these doses were administered intragastrically to the rats once daily, and rats in an untreated group were continuously fed with high fat diet, while rats in normal control were continuously fed with normal diet and water. At the end of the experiment, the experimental animals were starved for 12h before sacrifice. The blood sample was collected into plastic plane bottles.
Formulation of High-Fat Diet (HFD)
The HFD was formulated as shown in the 
Collection of Blood, Preparation of the Serum and Biochemical Estimations
After 6 weeks of the experiment, the animals were sacrificed and blood sample was collected from all the groups after 12hours fasting. The blood sample was collected into plane bottles and allowed to clot for
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weight of the original sample ×100% 45minute at room temperature and centrifuged at 3000rpm for 20minutes. The serum obtained was kept at 0 o C until analyzed.
Statistical Analysis
All the data were expressed as mean ±standard deviation (S.D). Statistical significance was calculated using one-way analysis of variance (ANOVA). Significance was accepted at (P<0.05).
Results and Discussion
This study evaluates the lipid-lowering potential of flavonoid-rich portion of Combretummicranthum(CM) in a high-fat diet induced hyperlipidaemic albino rats; and the results summarized in tables below. Table 2 Depicts quantitative and qualitative Analysis of flavonoids in both the plant powder and the methanol leaf extract of CM. The qualitative determination shows a presence of flavonoids. The quantitative amount of flavonoids in 50g of the plant powder was found to be 22.25% of the total amount of the plant powder (50g). Also, the amount of flavonoids in 2g of methanol leaf extract of CM was 87% of the total extracts used(2g). The table showed different chemical compounds present in the flavonoid-rich extract of CM by GC-MS with their respective molecular formula, retention time, peak area, and uses. Values were expressed as means± Standard Error Mean (SEM). Values with the same superscript along a row have no significant difference, while those with different superscript have significant difference. Only % weight change of the groups is compared. Negative sign signifies decrease in weight, while those with positive (+) sign shows increase in weight. Values are expressed as mean ±SME; Values with different superscript letter (a, b and c) differ significantly at p < 0.05. (TC=total cholesterol, TAG= triacyl glycerol, HDL-C high density lipoprotein-cholesterol,LDL-C= low density lipoprotein-cholesterol, AI= atherogenic index, N-control= normal control, H-control= hyperlipidemic control). Table 4 shows body weights of high fat diet induced hyperlipidaemic rats after induction, 1 st week of treatment, 2 nd week of treatment together with % body weight change in the 1 st, and 2 nd weeks of treatment. No significant difference (p<0.05) was observed in group I, II and III during the first and second weeks of the treatment. But there is a significant decrease in weight in group IV, V and VI (Table 4 ) during the second week of treatment compared to the first week. Table 5depicts Lipid-lowering activity of flavonoid extract of C. micranthum and atorvastatin on serum
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lipid profile and antherogenic index of an induced hyperlipidemic albino rats. A significant decrease in total cholesterol is observed in all the treated groups (both flavonoid treated and atorvastatin treated groups) as compared to the hyperlipidemic control group (Table 5 ). There is also significant decrease in triglycerides in the group treated with dose (200mg/kg) of flavonoid rich extract as compared to hyperlipidemic control (p< 0.05). Triglyceride level in the rest of the groups also decreased but not significantly. An extremely significant decrease in LDL-Cholesterol was observed in all the treated groups as compared to the hyperlipidemiccontrol (p <0.05). The AI extremely decreased significantly in the treated groups compared to hyperlipidemic control (Table 5) . HDL-Cholesterol level increased significantly in flavonoids (400mg/kg) treated group and atorvastatin group compared to hyperlipidemic group(the level of HDL-Cholesterol in the rest of the groups also decreased but not significantly as compared to hyperlipidemic control (Table 5 ). Table 6 illustrates effect of flavonoid-rich and atorvastatin treatment on cardiac marker enzymes in hyperlipidemic induced rats. The activities of LDH decreased significantly (p < 0.05) in the flavonoid-rich and atorvastatin treated groups as compared to hyperlipidemic control group (group II). LDH content in the normal group was significantly lower compared to hyperlipidemic control (Table 6 ). CKactivity significantly (p < 0.05) decreased in the flavonoids-rich treated groups compared to hyperlipidemiccontrol (group II). The activity significantly increased in the atorvastatin treated group (group VI) as compared to medium dose treated group(group IV) and high dose treated (group V).
Discussion
Oxidative stress-related diseases can be prevented or managed by antioxidants and the therapeutic effects of many medicinal plants have been hypothesized to result from the free radical scavenging and antioxidant activity of the constituent antioxidant phytochemicals notably phenols, flavonoids and tannins [15] . From the result of this study, the percentage flavonoids content in the CM signifies that flavonoid take a significant proportion in the plant's leaf extract, and the percentage yield of flavonoid in the extract shows that, although, there may be other impurities but the flavonoid is the dominant and active constituent of the methanol extract. This is in accordance with the study conducted by D'agostinoet al. [16] using the extract from CM where flavonoid presence was confirmed. The presence of OH in the structure of compounds characterized by GC-MSfrom fraction of methanol leaf extract of CM is responsible for antioxidant activity and hence radical scavenging activity. The widely acclaimed beneficial effect of flavonoids in human health are mainly due to their radical scavenging and metal chelation properties in which the hydroxyl functional groups are involved [17] .
The disorder of lipid metabolism is a key player for the occurrence of cardiovascular diseases and particularly heart disease [18] . From the results of this study, a significant decrease in TC level was observed due to the antioxidant activity of flavonoid which prevents the oxidative modification of LDL-C International Journal of Bioscience, Biochemistry and Bioinformatics and hence prevents a condition where LDL could release its components. An invitro study conducted by Kerry and Abbey, [19] confirmed that, by scavenging radicals, flavonoids inhibits LDL oxidation. This confirmed the protective effect of flavonoid against CVDs. This is because reduction in plasma TC level will reduce the risk factor for CVDs [20] . Significant decrease in TG is also observed between flavonoid high-dose treated group and hyperlipidemic control group, this implies that, high dose of flavonoid-rich portion of CM is the most effective in the reduction of TG. Decrease in TC and TG levels signifies serious decrease in the risk for CVDs, because, an increased level of TG is both independent and synergistic risk factor for CVD [21] . Significant increase in HDL-C level in flavonoid high and medium dose treated groups could be due to high expression and activity of lecithin cholesterol acyltransferase (LCAT) which lead to the regulation of blood lipid [22] and decrease in the level of LDL-C, which in turn reduces the risk for CVDs [23] . Significant decrease in LDL-C was also observed in all the groups except hyperlipidemicgroup , this may be due to The antioxidant activity of flavonoid which prevent oxidative modification of LDL-C [19] and the decrease in the TC, increased activity of LCAT and hence HDL-C. Significant decrease in AI as observed in all the treated groups was due the decrease in the level of TC and increase in HDL-C level. This signifies a decreased risk for CVDs [24] . Significant decrease in TC, LDL, and AI observed in the atorvastatin treated groups could be attributed to the inhibition effect of atorvastatin on HMG-COA reductase, which reduces denovo synthesis of cholesterol, increasing expression of LDL receptors on hepatocytes, decreasing LDL-C in the blood and results in slight increase in HDL-C. Recent study have shown that in patients suffering from acute coronary syndrome, high dose of artovastatin treatment may play a plaque stabilizing role [25] .The significant decrease in weight observed in the treated groups (Group III, IV, V and VI) is related to the significant decrease in the TC, TG, LDL-C and AI, due to the fact that increase in fats is associated with increase in weight. Serum CK activity is a more sensitive indicator of early stage of myocardial ischemia whereas LDH levels give a rough estimate of the extent of injury to myocardial tissues [26] . Since the levels of these cellular enzymes present in blood are directly related to the intactness or integrity of the plasma membrane of the cardiac cells, then, the reduction in serum levels of the marker enzymes(LDH and CK) could be due to the antioxidant action of flavonoid on maintaining cardiac membrane integrity and restricting the leakage of these enzymes into blood stream. This is justified by a study carried out by Aroraet al. [27] , which stated that flavonoid have the ability to stabilize membrane by decreasing their fluidity and penetrating into the hydrophobic core of the membrane.
Conclusion
The result of this work clearly showed a significant lowering potential of flavonoid-rich portion of CM on lipid content and cardiac marker enzymes as observed from decreased level of LDL-C, TG, TC, LDH and CK and increased level of HDL-C. Thus, can be concluded that, the flavonoid extract of CM improves lipid profile and cardiac marker enzymes, hence, decrease significantly the risk for cardiovascular diseases in diet induced hyperlipedemic rats.
